Context: Many studies have investigated the effects of individual foods or nutrients on bone health, but limited research has focused on dietary patterns.
O
steoporosis is a serious public health issue worldwide, and hip fractures are the most devastating consequence, with the highest rates of disability and mortality (1) . Therefore, prevention strategies for hip fracture are essential. A combination of multiple environmental factors, life habits, and drugs has been considered to contribute to the occurrence of this type of disease, and particular interest has focused on dietary intake.
Many studies have investigated the relationship between specific foods and nutrients [eg, grain (2) , soy (3), antioxidants (4, 5) , and fatty acids (6 -8) ] and the risk of hip fractures. These studies have contributed substantially to the knowledge of the etiological roles of a single nutrient, food, or food group. However, food and nutrients are consumed in various characteristic combinations that synergistically influence the risks related to many diseases (9) . Thus, in 1982, Schwerin et al (10) introduced an approach using dietary patterns to examine the diet-disease relationship. Dietary patterns represent a broader series of food and nutrient consumption that are more predictive of disease risk than individual foods or nutrients (9, 10) .
Recently, several studies have categorized diets into dietary patterns to clarify their influence on bone turnover, bone mineral density (BMD), or risk of fractures (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . A healthy dietary pattern characterized by a high intake of vegetables and fruits has been shown to increase BMD and protect against hip fractures in some (11) (12) (13) (14) (15) (16) 22) but not all (19 -21) studies. In contrast, poor dietary patterns such as those defined by a high intake of processed foods (13) , candy (16) , or meat (20, 22, 23) were associated with low BMD or fracture risk. However, most of these studies have been conducted in European or American countries, and sparse research has produced findings in relation to Asians, who are thought to exhibit entirely different dietary habits. In addition, the outcomes have primarily addressed BMD, bone turnover markers, or types of fractures but rarely hip fractures. This study aimed to explore the dietary patterns derived from the principal components factor analysis (PCFA) with 79 food items and their potential associations with the risk of hip fracture in the elderly Chinese populations of Guangdong Province, a coastal region of China.
Materials and Methods

Subjects
This was a 1:1 matched case-control study conducted between June 2009 and June 2012 in Guangdong Province, China. All of the hip fracture patients who took part were recruited from the following hospitals: Guangzhou Orthopaedic Trauma Hospital, Guangdong General Hospital, First Affiliated Hospital of Sun Yat-sen University, and the Orthopaedic Hospital of Baishi District in Jiangmen City, Guangdong Province. Eligible cases included those who had been newly diagnosed (within 2 weeks) according to their medical records; confirmed by X-ray image; aged between 55 and 80 years; and had lived in Guangdong Province more than 10 years. Subjects were excluded if they had any of the following: 1) high-energy fractures (due to automobile accidents, a fall from above chair height, or other strong external forces) or pathological fractures (fractures caused by diseases such as osteomyelitis, bone tuberculosis, or bone tumors); 2) dietary habits that had changed significantly within the previous 5 years; 3) chronic disease such as diabetes, cardiovascular disease, cancer, cognitive disorder, liver cirrhosis, thyroid disorder, renal failure, or chronic diarrhea; 4) currently used certain medications such as exogenous estrogens, thiazine, or corticosteroids; or 5) poor vision.
For each participating case, we attempted to enroll 1 matched control according to age (within 3 years) and gender, with the same inclusion and exclusion criteria applied to both cases, except for those with a history of fracture. The controls in this study came from the following sources: 1) community based, with apparently healthy community residents in the same cities invited through a variety of strategies such as written invitations, flyers, or referrals; and 2) hospital based, consisting of inpatients hospitalized for less than 1 week with influenza, pneumonia, benign ophthalmic or otorhinolaryngological tumor, acute surgical disease, or a cataract in 1 eye.
All of the participants provided signed informed consent before being interviewed, and the study was ethically cleared by Sun Yat-sen University's School of Public Health Ethics Committee.
Data collection
Individual information was collected by experienced interviewers with relevant knowledge through face-to-face interviews using a structured questionnaire on sociodemographic characteristics, lifestyle habits, years since menopause (YSM) for female participants, history of chronic diseases, medical histories, and dietary habits in the 12 months before diagnosis (case-patients) or interview (control subjects). Each interviewer completed interviews with an equal proportion of cases and controls.
Dietary assessment and food grouping
Dietary consumption information was assessed using the modified self-administered, semiquantitative, 79-item food-frequency questionnaire (FFQ). Its validity and reproducibility with 6 3-day energy-adjusted diet records and 26 nutrients have been confirmed among the local population (24) . For each food item, 5 possible frequencies (never, per year, per month, per week, and per day) and 1 quantitative (amounts) response were available. Photographs of food portion sizes were provided to help estimate the amount of food consumption. The selected choice for each food was then converted to reflect daily intake. The average daily intake of nutrients and total energy were calculated according to the Chinese Food Composition Table, 2002 (25) . To reduce the complexity of the data, the 79 food items were aggregated into 30 groups based on similarities between nutrient profiles or processing methods to identify dietary patterns.
Statistical analysis
We evaluated demographic characteristics and other potential osteoporosis risk factors using paired t tests (continuous variables) or paired 2 tests (categorical variables) between cases and controls. To achieve an approximately normal distribution, square root transformation was used in the daily food intakes. The total energy intake was adjusted for each food item using the residual method (26) . A PCFA was then used to derive the dietary patterns for the 30 standardized, energy-adjusted groups. Four factors were retained based on an inspection of the scree plots, and those factors were rotated by orthogonal transformation (varimax procedure) to facilitate their interpretability. For every subject, we calculated factor scores on each of the 4 retained factors by summing the intakes of each food group, weighted by their factor loadings. The scores were used for comparison with nutrient intake and were divided into tertiles (T1-T3) according to the distribution of factor scores among controls to estimate their associations with hip fracture.
Conditional logistic regressions were used to analyze the association between dietary pattern scores and hip fracture risk. For each factor, the bottom tertile group (T1) was defined as the reference group. We used univariate and multivariate analyses to calculate odds ratios (ORs) with their corresponding 95% confidence intervals (CIs). In multivariate analyses, we adjusted for body mass index (BMI), education, household income, house location, smoking, alcohol consumption, tea drinking, physical activity, daily energy intake, family history of fractures, calcium supplement use, and multivitamin use. All of the covariates were introduced using the forward stepwise method. To test for linear trends, the dietary pattern groups for each factor were treated as continuous variables.
We conducted stratification analyses to examine whether the effect of dietary patterns differed across various subgroups classified by gender (male vs female) and the control sources (community based vs hospital based). For a multivariate analysis of the females only, we further adjusted for YSM and oral contraceptive and estrogen use. Multiplicative interactions were estimated by adding interaction terms according to the likelihood ratio test.
All of the statistical analyses were performed using SPSS software (version 17.0; Chicago, Illinois). P Ͻ .05 was considered significant.
Results
Of the 1137 inpatients with hip fractures seen in hospitals, 423 (37.2%) did not meet the selection criteria for this study. Of the 714 eligible subjects, 39 (5.5%) were excluded due to communication difficulties or unreasonable energy intakes (reasonable range 800-4000 kcal for males and 500-3500 kcal for females), and 94 (13.2%) declined to participate. Finally, a total of 581 cases were retained in this analysis, including 396 (68.2%) cases of femoral neck fractures and 185 (31.8%) cases of intertrochanteric fractures. In addition, 581 eligible age-(Ϯ3 years) and gendermatched controls recruited from either communities (398 controls) or hospitals (183 controls) were enrolled.
The demographic and other characteristics are shown in Table 1 . Compared with the controls, the cases were more likely to have a lower BMI, education level, household income, physical activity level, energy intake, and consumption of calcium and multivitamin supplements along with increased smoking exposure and tea consumption and a higher likelihood of a family history of fractures. Female cases tended to exhibit more YSM and less use of oral contraceptives or estrogen than controls. Cases and controls did not differ in age, location of house, or alcohol consumption.
Four main factors were retained from the factor analysis. The factor loadings associated with each pattern are given in Table 2 . Each pattern was labeled according to the food groups with high absolute loadings. The first factor, named the healthy dietary pattern, was characterized by a high intake of fruit, vegetables, eggs, and freshwater fish. The second factor, named the prudent dietary pattern, was characterized by a high intake of nuts, mushrooms, algae, sea foods, and white vegetables and a low intake of grains (mainly refined). The third factor represented a high intake of Chinese herbal tea, Chinese double-stewed soup, processed meat and fish, animal organ meat, and a low intake of soybeans and related products, other soys, and darkly colored vegetables. Because Chinese herbal tea and double-stewed soup are traditional, this factor was named the traditional dietary pattern. The fourth factor, named the high-fat dietary pattern, was characterized by a high intake of red meat, poultry with the skin, animal organ meat, and cooking oil and a low intake of nuts, poultry without the skin, and mushrooms and algae. Factors 1-4 accounted for 7.9%, 7.1%, 5.9%, and 5.7% of the variability, respectively, and 26.7% of the variance in food intake overall.
Univariate conditional logistic regression analyses showed a dose-dependent inverse association between risk of hip fracture and the healthy (P trend Ͻ 0.001), prudent (P trend Ͻ .001), and traditional (P trend ϭ .037) dietary patterns but a significantly positive association with the high-fat (P trend Ͻ 0.001) dietary pattern (Table 3) . With adjustments made for BMI, socioeconomic factors, life habits, physical activity, daily energy intake, family history of fractures, calcium supplement use, and multivitamin use, significant associations remained between the healthy, prudent, and high-fat dietary patterns but not for the traditional dietary pattern (Table 3 ). Significant negative relationships were observed between the risk of hip fracture and a healthy (T3 vs T1: OR 0.42, 95% CI 0.24 -0.73; P trend ϭ .004) or prudent (T3 vs T1: OR 0.51, 95% CI 0.28 -0.90; P trend ϭ .029) dietary pattern. However, the highest tertile (vs the lowest tertile) for the high-fat dietary pattern was associated with a 78% increase in hip fracture risk (T3 vs T1: OR 1.78, 95% CI 1.12-2.83; P trend ϭ .015).
In stratified analyses, the association between dietary patterns and the risk of hip fracture was similar for most strata (P interaction ϭ .098-.885), with the exception of significantly stronger associations among controls coming from communities, compared with those coming from hospitals, for the prudent dietary pattern (OR for T3 vs T1: 0.33 vs 1.01, P interaction ϭ .026) ( Table 4) .
Discussion
To our knowledge, this study with 581 pairs of age-and gender-matched cases and controls is the first to specifi-cally identify the potential influence of dietary patterns on the risk of hip fracture in a Chinese population. We identified 4 major dietary patterns through PCFA: healthy, prudent, traditional, and high-fat dietary patterns. Of these, a healthy dietary pattern rich in fruits and vegetables, and a prudent dietary pattern rich in nuts, mushroom and algae foods, and sea foods, but low in grain (mainly refined), decreased the risk of hip fracture, whereas a highfat dietary pattern was associated with greater risk of hip fracture.
Many studies have suggested that a dietary pattern rich in fruits and vegetables is beneficial to bone health (11) (12) (13) (14) (15) (16) 22) . In the original Framingham heart study, which had 907 subjects aged 69 -93 years, Tucker et al (16) found that a dietary pattern featuring high fruit and vegetable intake was associated with greater BMD in men. Similar Continuous variables were described by means Ϯ SD; statistically significant P values are indicated in bold. a House orientations: head referred to the orientation of the living room. Housing with east, south, southeast, southwest, northeast, and northwest orientations designated a head in the sun and other orientations designated a head in the shade. b Smoking was defined as having smoked 1 or more cigarettes daily for at least 6 consecutive months.
c Alcohol drinkers were defined as having had wine 1 more times daily for at least 6 consecutive months.
d Tea drinkers were defined as drinking at least 1 cup of tea per week in the previous 6 months.
e Physical activities included daily occupational, leisure time, and household chores, evaluated by metabolic equivalent (MET) hours per day. (13) . A cross-sectional study from the Japanese Multicentered Environmental Toxicant Study found that the cluster for a healthy pattern high in green and dark yellow vegetables, mushrooms, fish and shellfish, fruit, and processed fish had significantly greater BMD in premenopausal farmwomen (22) . In our study, we found that a healthy dietary pattern typified by the consumption of fruits and vegetables was associated with a 58% (95% CI 27%-76%) decrease in the risk of hip fracture for participants whose scores were in the highest tertile for the healthy dietary pattern, compared with those in the lowest tertile. The protective effect of this healthy dietary pattern is probably due to plenty of dietary antioxidants and a limited amount of saturated fat. There is substantial evidence that oxidative stress plays a role in bone formation, with 8-iso-PGF (2␣) (a biomarker of oxidative stress) levels negatively associated with BMD in population-based studies (27, 28) , and oxidative stress being shown to inhibit osteoblastic differentiation via ERK and ERK-dependent nuclear factor-B signaling pathways (29) or receptor activator of nuclear factor-B ligand-induced pathways (30) in animal studies. Moreover, other mechanisms could also act on bone, either via some pharmacologically active compounds (eg, flavonoids and vitamin K) rich in fruits and vegetables or by the base buffering of excess dietary metabolic acids (the potential renal acid loads for fruits and vegetables are usually less than 0 mEq per 100 g) to reduce the urinary calcium excretion and bone resorption (31, 32).
The prudent dietary pattern, characterized by a high intake of nuts, mushrooms, algae, and sea foods and a low intake of grains (mainly refined) was also associated with decreased hip fracture risk in our study. although epidemiological studies have not found an association between nuts, mushrooms, or algae and bone markers (33) and the few results regarding whole or refined grains have been inconsistent (34 -36) ; most studies have confirmed that a high intake of sea fish rich in vitamins, minerals, and n-3 fatty acids that benefit bone health by increasing calcium absorption, IGF-I, and lean body mass was significantly associated with greater BMD and decreased risk of fracture (37) (38) (39) (40) .
This analysis noted a positive monotonic trend between the high-fat dietary pattern, characterized by increased consumption of red meat, poultry with the skin, organ meats, and cooking oil, and hip fracture risk, with individuals scoring in the highest tertile being at a 125% (95% CI 38%-269%) greater risk of suffering a hip fracture compared with individuals in the lowest tertile. This finding was similar with the Japanese Multicentered Environmental Toxicant Study (22) but contrasted with a population-based prospective survey of 1178 elderly Japanese (20) . In the latter study, a meat pattern characterized by a high intake of red meat, chicken, and seafood even contributed to a reduced risk of fall-related fractures (hazard ratio 0.36, 95% CI 0.13-0.94) (20) . Such a result could be explained by low number of fall-related fractures incidence (n ϭ 28) (20) , small amounts of red meat consumed in Japanese (41), and a score of seafood such as shellfish, cuttle fish, and octopus shrimp, which seems to have a protective effect for bone health and also higher in their meat pattern (20) . Epidemiological studies among a cohort of older Spanish individuals (42) , in the National Health and Nutrition Examination Survey III, examined 14 850 Americans (43) , and in the New York University Women's Health Study with 6250 postmenopausal women (44) , which all focused on single food, supported our finding that a greater risk of hip fracture or lower BMD due to the increased consumption of high-fat meat. The underlying biological mechanism responsible for higher fatty meats on the risk of fractures could be explained by abundant saturated fat in fatty meats, which could accelerate urinary excretions of calcium and deleteriously affect bone mineralization or osteoblast formation (45) . Saturated fat could also cause the production of inflammatory markers (eg, macrophage inflammatory protein-1␣) and activate the expression of inflammatory genes (eg, IL-17a, IL-4) to enhance osteoclast survival and subsequently enhance bone resorption (46, 47) .
After stratifying by source of control, we found the association between the intake of a prudent dietary pattern and the risk of hip fracture to be more substantial in community-based controls than in hospital-based controls (OR for T3 vs T1: 0.33 vs 1.01, P interaction ϭ .026). This difference may be due to changes in dietary habits among the hospital-based controls. Possible scenarios such as circulatory and infectious diseases could cause the hospital controls to be more susceptible to risk factors than the general population (48) . Compared with the hospital-based controls, a significantly higher prudent dietary pattern was consumed by community-based controls (factor score Ϫ0.092 vs 0.377, P Ͻ .001), whereas the values were close to those for the cases (factor score Ϫ0.092 vs Ϫ0.055, P ϭ .556) in this study.
The limitations of this study should be acknowledged. First, the associations derived from a case-control study do not necessarily indicate causality. In the present study, a healthy dietary pattern was associated with a healthy lifestyle, which was protective for bone health (1). Many wellknown lifestyle factors and other risk factors for bone Furthermore, few of the participants have a chance to examine their BMD before the onset of the fracture (cases) or interview (controls) due to limited service available and the high costs of the tests in China and consequently have no awareness of changing their habits (including dietary habits). Second, FFQs are known to contain a certain degree of measurement error although the FFQ used in our study has been previously validated (24) . Third, food groups can be misclassified. For example, the 30 standardized, energy-adjusted groups drawn from the 78-item FFQ were not designed to differentiate between whole-and refined-grain food items. However, grains in China primarily consist of refined carbohydrates such as white rice and white flour currently (51) . Fourth, studies with hospital-based controls are prone to selection bias. We tried to control for this bias by recruiting controls from various hospitals, but the stratified analysis of the prudent dietary pattern suggested that significant associations existed only in community-rather than hospital-based controls (P for the interaction ϭ .026). The overall effect seems to be underestimated, as previously mentioned. Finally, we did not collect the information of medications [eg, bisphosphonates (52) and hypnotics (53)] related to bone health or falls, which might confound the results. Despite these limitations, our findings suggest that dietary patterns that feature a high intake of fruit, vegetables, eggs, fish, nuts, and low-fat poultry and a low intake of saturated fat and grains (mainly refined) may protect against hip fracture.
